. With the decrease of LED efficiency as a function of higher operating current, the temperature of the LEDs increases and this efficiency is lost as heat. The increase of temperature in LEDs has significant effects on the Y 3 Al 5 O 12 : Ce 3+ phosphor such as a decrease in efficiency and a possible shift of emission wavelength. Overall, the system efficiency of LEDs decreases and it is difficult to apply Y 3 Al 5 O 12 : Ce 3+ phosphor in high power LEDs. In contrast with LEDs, laser diodes (LD) can easily resolve the issues of LEDs. The output power and external quantum efficiency (EQE) of laser diodes increase linearly as a function of operating current, and the colour stability of the laser emission peak is maintained 9,10 . These characteristics make Y 3 Al 5 O 12 : Ce 3+ phosphor an attractive excitation source for new high-power LD in white light applications. For the generation of white light, the thermal stability of Y 3 Al 5 O 12 : Ce 3+ phosphor is required in addition to blue LDs. In other words, it is necessary to avoid the use of organic resin with phosphor powders such as epoxy and silicone. An alternative to high power LDs in white light applications is to use the phosphor in glass and ceramic phosphor plates, similar to remote phosphor 11 . Phosphor in glass is not suitable for application to high power LDs because the luminous flux of the phosphor in glass gradually decreases at >1.0 W/ mm 2 due to thermal quenching 12 . Ceramic phosphor plate (CPP) is combined with a laser diode because it is very different from high power blue laser diodes, which provide both optical and thermal stability compared with the mixture of organic resin with phosphor. To fabricate the CPP using bulk-type phosphor, solid state reaction method is required at high temperature 13 . This is a relatively simple method to fabricate the CPP but it is not easy to control the small grain size (<1 μm) due to the initial size of phosphor. To lower the sintering temperature, it is imperative to use the nano-structured Y 3 Al 5 O 12 : Ce 3+ phosphor. Previous works have demonstrated synthetic
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. White LEDs are good candidates as lighting devices capable of replacing incandescent and fluorescent lamps due to their outstanding properties, such as long lifetimes, high luminance and compactness [2] [3] [4] [5] [6] . Generally, white light can be generated with blue-emitting devices and yellow emitting phosphor (Y 3 Al 5 O 12 : Ce 3+ ) 7 . The high efficiency of Y 3 Al 5 O 12 : Ce 3+ phosphor facilitates the better luminescence performance in white LEDs. However, Y 3 Al 5 O 12 : Ce 3+ phosphor in white LEDs exhibits problems associated with thermal quenching due to the higher operating current of LEDs 8 . With the decrease of LED efficiency as a function of higher operating current, the temperature of the LEDs increases and this efficiency is lost as heat. The increase of temperature in LEDs has significant effects on the Y 3 Al 5 O 12 : Ce 3+ phosphor such as a decrease in efficiency and a possible shift of emission wavelength. Overall, the system efficiency of LEDs decreases and it is difficult to apply Y 3 Al 5 O 12 : Ce 3+ phosphor in high power LEDs. In contrast with LEDs, laser diodes (LD) can easily resolve the issues of LEDs. The output power and external quantum efficiency (EQE) of laser diodes increase linearly as a function of operating current, and the colour stability of the laser emission peak is maintained 9, 10 . These characteristics make Y 3 Al 5 O 12 : Ce 3+ phosphor an attractive excitation source for new high-power LD in white light applications. For the generation of white light, the thermal stability of Y 3 Al 5 O 12 : Ce 3+ phosphor is required in addition to blue LDs. In other words, it is necessary to avoid the use of organic resin with phosphor powders such as epoxy and silicone. An alternative to high power LDs in white light applications is to use the phosphor in glass and ceramic phosphor plates, similar to remote phosphor 11 . Phosphor in glass is not suitable for application to high power LDs because the luminous flux of the phosphor in glass gradually decreases at >1.0 W/ mm 2 due to thermal quenching 12 . Ceramic phosphor plate (CPP) is combined with a laser diode because it is very different from high power blue laser diodes, which provide both optical and thermal stability compared with the mixture of organic resin with phosphor. To fabricate the CPP using bulk-type phosphor, solid state reaction method is required at high temperature 13 . This is a relatively simple method to fabricate the CPP but it is not easy to control the small grain size (<1 μm) due to the initial size of phosphor. To lower the sintering temperature, it is imperative to use the nano-structured Y 3 phosphors were synthesized using the forced hydrolysis method. First, aluminum nitrate nonahydrate (SigmaAldrich, ≥98% pure), aluminum sulfate octadecahydrate (Sigma-Aldrich, ≥98% pure) and urea (Sigma-Aldrich, 99.5%) were used to obtain the nano-structured Al(OH) 3 particles. These materials were dissolved in deionized water and aged at 98 °C for 4 h. The precipitate was then separated through centrifugation and washed several times with both deionized water and ethanol. Next, yttrium nitrate (Sigma-Aldrich, 99.8%), cerium nitrate (Sigma-Aldrich, 99%), and urea (Sigma-Aldrich, 99.5%) were used to dissolve the above materials in deionized water. The synthesized Al(OH) 3 particles were homogeneously dispersed in the mixed solution, which was vigorously stirred at 98 °C for 3 h. The precipitate was isolated via centrifugation, washed with both deionized water and ethanol, and then dried using a lyophilizer. The resulting powder was annealed at 1200 °C for 4 h under a reducing nitrogen atmosphere containing 5% H 2 gas. as a sintering aid. During this process, ethanol was used as a solvent at a weight ratio of powder:ethanol (1:5). All materials were mixed and milled with a ball milling machine using ZrO 2 balls with a diameter of 5 mm for 24 h. These mixtures were dried at 90 °C for 12 h and compressed into a pellet using uniaxially pressed under 20 MPa with a diameter of 10 mm and a thickness of 5 mm. The pellets were fired at 1000 °C for 6 h under air atmosphere to remove organic materials and then cold isostatically pressed under 300 MPa for 30 min. The green bodies were sintered with a graphite-heated vacuum furnace (10 
Results and Discussion
The crystal structure of Y 3 Al 5 O 12 : Ce 3+ CPP was initially analyzed using the powder XRD with a CuKα radiation of λ = 1.5406 Å at 10° ≤ 2θ ≤ 80° as shown in Fig. 2a Fig. 2b . In previous work, the electronic transition of Ce 3+ ion constitutes 4f 1 in the ground state and 4f°5d 1 in the excited state 23 . The ground state is split into a doublet of two excitation bands at 338 and 450 nm, which was attributed to electronic transition from 2 F 5/2 to the split excited 5d states band in the ground state of the Ce 3+ ion 24 . The ground state is split into a doublet of 2 F 7/2 and 2 F 5/2 because of spin-orbit interactions and the excited state is also split from the crystal field, which is affected by the surrounding ligand ions 25 . Ce 3+ emission involves parity-and spin-allowed 5d → 4f electronic transition and consists of a yellow emitting primary band at 537 nm as well as a shoulder on the longer wavelength side, which is ascribed to electronic transition from 5d → 2 F 5/2 and from 5d → 2 F 7/2 Ce ions, respectively 26 . Also, in comparison with bulk Y 3 Al 5 O 12 : Ce 3+ phosphor, the emission wavelength of the nano-structured Y 3 Al 5 O 12 : Ce 3+ phosphor is shifted to the blue region. This phenomenon is explained as a crystal field strength around Ce 3+ ion was somewhat reduced 27 . The luminescence in a nano-structured Y 3 Al 5 O 12 : Ce 3+ phosphor is due to the transition between the energy levels of Ce 3+ atoms as the luminescent center. After the sintering process, the surface of Y 3 Al 5 O 12 : Ce 3+ CPP (1.5 mm X 1.5 mm) was uniformly mirror-polished with a thickness of 100 μm to convert the highly bright white colour via electroluminescence (EL) spectra as shown in Fig. 2c is linearly increased. This is attributed to the increased number of electrons pumped up to the excited state of Ce 3+ ions as a function of the increased blue incident power. 3+ . The densification and grain growth also gradually improved because of higher purity nano precursors, homogeneity, low degree of agglomeration, good crystallinity and low temperature sintering. These results shows that CPP using the nano-structure Y 3 Al 5 O 12 :Ce 3+ phosphors have a finer and more uniform microstructure, as shown in Supplementary Information Fig. S1 . 
